Rice wild relatives (RWR) constitute an extended gene pool that can be tapped for the breeding of novel 21 rice varieties adapted to abiotic stresses such as iron (Fe) toxicity. Therefore, we screened 75 Oryza 22 genotypes including 16 domesticated O. sativas, one O. glaberrima, and 58 RWR representing 21 23 species, for tolerance to Fe toxicity. Plants were grown in a semi-artificial greenhouse setup, in which 24 they were exposed either to control conditions, an Fe shock during the vegetative growth stage (acute 25 treatment), or to a continuous moderately high Fe level (chronic treatment). In both stress treatments, 26 foliar Fe concentrations were characteristic of Fe toxicity, and plants developed foliar stress symptoms, 27
Introduction
Crop wild relatives (CWR) are widely regarded as a rich source of genetic variation for the improvement 41 of domesticated crops, which can be tapped more effectively than ever before due to the progress in ago [6] . In addition, archeological evidence suggest that rice wild relatives (RWR) originating from South 48 America, such as O. glumaepatula underwent a process of domestication in the mid-Holocene by Native 49 South Americans, but were abandoned later on when immigrants from Europe changed the fate of the 50 continent and its inhabitants to a great extent [7] . The whole Oryza genus, which can be regarded as a 51 primary, secondary and tertiary gene pool for rice breeding, contains 24 species [8] . It can be further 52 classified into four complexes of closely related species with the same genome groups, between which 53 fertile crossing is possible [9, 10] . These are the O. sativa complex comprising the diploid AA species 54 ( Supplementary Table S1 
59
Often, RWR are seen as weeds and thus as a major problem for rice cultivation, but they also bear a lot 60 of potential, as Oryza species are distributed around the globe in very different environments, and their 61 genome therefore might harbor adaptive genes to several biotic and abiotic stresses. Some of these 4 62 adaptive traits were previously used to develop commercial varieties. Breeding of male sterile rice lines, 63 which is required for the commercial production of hybrids, was originally only possible with the 64 cytoplasm of O. sativa f. spontanea [14] , and those hybrids were still planted on nearly half of the rice 65 planting area of China in 2006 [15] . In 1974 the first rice varieties containing resistance genes to the 66 grassy stunt virus from Oryza nivara were released [14] . Crosses with O. officinalis lead to cultivars with 67 resistance to brown plant hoppers, of which three were released in Vietnam [14] . Several other 68 resistances of RWR against pests, pathogens and abiotic stresses and even yield improving traits have 69 been identified but not yet been taken advantage of [8, 9, 14] . 119 Germination
120
Where necessary, seeds dormancy was broken by placing seeds in an oven at 50°C for three days. Thirty 121 seeds of each accession were then placed on a floating mesh in a germination box with about two liters 122 of deionized water, making sure that the grains were not fully covered by the water. The seeds were 123 incubated in darkness at a temperature of 33°C. After three days the first seeds germinated and were 124 transferred to a germination tray floating on deionized water containing 10 µM Ferric sodium EDTA (Fe-125 Na-EDTA) and 0.5 mM calcium chloride (CaCl). The box was placed in a greenhouse until the seedlings 126 were about 8 cm high. Solutions were exchanged every two days. depth of about 50 cm were utilized for an experimental approach simulating acute and chronic iron 131 toxicity as described previously [28] . Two independent polders each were used for the three treatments 132 chronic iron stress, acute iron stress and control. Within each polder four sub-replicates containing all 133 accessions were planted. The polders were ploughed and leveled manually and then kept flooded. As 134 complete randomization was not recommendable due to unmanageable complexity, every accession 135 was assigned a random number from 1 to 75 and this sequence was planted in a row. In every sub-136 replication the sequence started with a different number leading to a semi-randomized setup. Seedlings 
146
All polders were watered regularly at least once a week. One hundred fifty g of potassium phosphate 147 (K 2 HPO 4 ) dissolved in water were applied to every polder. This corresponds to a concentration of about 148 6 g m -2 (60 kg ha -1 ) of potassium and 2.2 g m -2 (22 kg ha -1 ) of phosphorus. The same method was used to 149 apply nitrogen in the form of urea. The application was split: 78 g were given five weeks after 
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Leaves for iron analyses were sampled at 116 days after transplanting from genotypes selected based on 172 contrasting symptom development at that stage. From each selected plant, the third youngest leaf was 173 taken, dried, and subjected to Fe analyses as described below. height was measured, the number of tillers and panicles was counted, the panicles were put into a 179 crispac-bag and the straw biomass was folded to a bundle. 
Results

238
Plants treated with Fe started to develop foliar symptoms of Fe toxicity soon after the first Fe 239 application six and seven WAT. In the acute stress treatment, the peak of symptom formation was 240 reached at eight WAT, while in the chronic stress treatment, the average symptom level continued to 241 rise until 14 WAT (Table 1) . From eleven WAT, the average symptom level was significantly higher in the 242 chronic stress treatment compared to the acute stress treatment ( Table 1 ). Significant genotypic 243 differences in symptom formation occurred on all sampling days ( Table 1) (Fig. 2a) , the opposite was seen in chronic Fe stress (Fig. 2c) . In 
275
This was true for most of the domesticated rice accessions, but only ten RWR. The Fe stress treatments 276 did not negatively affect straw biomass and plant morphological traits, in which a rather positive effect 277 was seen especially in the acute Fe treatment ( Table 1 ). In contrast, grain yield was negatively affected 278 in the chronic Fe treatment, but not in the acute Fe treatment (Table 2 ). In both Fe treatments, the 279 sterility rate and the harvest index were significantly negatively affected compared to the control (Table   280 2). Analyses of the grain yield responses of individual genotypes revealed that most accessions had 281 slightly enhanced grain yield in the acute Fe treatment (Figure 3a) . In contrast, grain yield was negatively 
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Grain Fe concentrations were slightly elevated in the Fe treatment but the differences from the control 302 were not significant (Table 2 ). In contrast, grains produced in the chronic Fe treatment had elevated Zn 303 concentration and lower phytate /Zn molar ratio, and grains produced in the acute Fe treatment had 304 elevated phytate concentrations ( Table 2) . Comparison of grain quality traits in selected accessions 305 revealed that the O. sativa Dom Sofid had the highest Fe concentration, whereas two RWR showed the 306 highest Zn levels (Fig. 5b) , which were also associated with high phytate levels (Figure 5c 
Discussion
314
The treatments in the present study (acute and chronic Fe stress) were conceived in order to simulate 315 two types of Fe stress typically occurring in the field. Acute Fe toxicity frequently occurs in inland valleys 316 during heavy rainfall events, leading to a transient peak of interflow of reduced Fe from adjacent slopes 317 into the rice field. This type of Fe stress is wide-spread for example in West Africa [23] . On the other 318 hand, chronic Fe stress occurs on naturally Fe rich soils in which Fe stress builds up more gradually 319 during the growing season upon flooding. This type of stress often occurs on acid sulfate soils or 320 Ferralsols and is widespread in Southeast Asia, the South of Brazil or Madagascar [23] . The semi-artificial 321 experimental setup used in this study was tested previously with six Oryza sativa varieties differing in Fe 322 tolerance [28] . Similar to that previous study, acute Fe stress lead to the development of stress 323 symptoms, but did not negatively affect biomass and grain yields ( Table 2 ). In contrast, stress symptoms 324 were more pronounced in chronic Fe stress, which also led to significant reductions in grain yield (Table   325 2), largely due to higher spikelet sterility ( Figure 4 ). Therefore, our study confirms previous observations or adequately address by standardized climatic conditions. Among the ten RWR that produced seeds, 369 four showed higher yields in the chronic Fe stress than in the control, even though the overall yield 370 response across all screened genotypes was significantly negative in this treatment (Figure 3 ). This 371 positive yield response was not unique to RWR, as it also occurred in some O. sativa accession that had 372 previously been described as Fe tolerant [28,32], but the overall highest grain yield was seen in an O.
373 rufipogon accession (Figure 3b ), and increases in spikelet sterility due to chronic Fe stress occurred in 374 cultivated rice varieties rather than RWR (Figure 4 ).
375
The concentrations of essential mineral nutrients in rice grains are a matter of concern because 376 nutritional deficiencies in Fe (Table 2) , despite substantial increases in Fe concentrations in vegetative tissue (Figure 2 ). This indicates that rice plants possess physiological 384 barriers protecting reproductive tissue from Fe levels that could cause oxidative stress and consequently 385 sterility. The regulation of metal transporters responsible for the loading of metals from mother plant 386 tissues such as seed coats into filial tissues [47] could be such a mechanism. On the other hand, average 387 Zn concentration was enhanced in plants grown in chronic Fe stress (Table 2) 
